Abstract. In order to determine the age and menopauserelated changes in spinal bone mineral density (BMD) in healthy Japanese women, the spinal BMD at L 2-4 was measured by dual X-ray absorptiometry (DXA) in 172 healthy Japanese women aged 31±69 years (mean age 53.16.7 years) in 1990 and 2000. This prospective study showed that there was no signi®cant decrease of BMD in premenopausal women, but there was a signi®cant decrease of BMD ()1.59%/year) in the early post menopausal women when compared with the premnenopausal and late postmenopausal women (P < 0.0001). The rate of decrease in BMD slowed down with the prolongation of the years since menopause (YSM). In postmenopausal women the annual rate of decrease in BMD for obese women was signi®cantly lower than that for slim ones (P < 0.01), suggesting that fat tissue may be eective for preventing bone loss. A multiple regression analysis of variables contributing to the annual rate of decrease in spinal BMD showed that YSM and physiological age were the most in¯uential factors, considering other factors such as weight, height and bone mass index. In conclusion, an accelerated bone loss was seen in the early postmenopausal stage. The YSM and physiological age were the most important factors that aect the rate of bone loss in healthy postmenopausal Japanese women.
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Key words: Osteoporosis Ð Bone mineral density Ð Prospective study Osteoporotic fracture is becoming a serious public health problem in Japan as a result of a growing aged population, and it has brought about a great burden to society. Since there is an increasing urgency to reduce health care costs related to osteoporotic fracture, its prevention is considered to be an important issue in clinical practice. Now bone loss is known to be the most determinant risk factor for osteoporotic fracture, and many cross-sectional studies have shown that women lose bone mass rapidly after menopause] [1±5]. However, the rate of bone loss after menopause is likely to be dierent with each individual, and the exact time of onset of bone loss appears to be dicult to de®ne. Therefore, a longitudinal study of bone loss for each pre-or perimenopausal women is necessary to detect high risk for osteoporosis and take measures to prevent osteoporotic fracture. More recently, some longitudinal studies have revealed the eects of age and menopause on the rates of bone loss at the calcaneus, distal radius, spine, and femoral neck in Caucasian women [6±18] However, few prospective studies have been reported on age and menopause-related changes in spinal bone mineral density (BMD) in Japanese women, and the follow-up time was also too short [19±21] . Up to now a longitudinal study as long as 10 years has not been reported.
The aim of this study was to investigate and analyze longitudinally the changes in spinal bone loss aected by age, menopause, and other factors in healthy Japanese women.
Materials and Methods

Subjects
A total of 188 Japanese women who lived in and around the city of Hamamatsu, Shizuoka Prefecture were measured for spinal bone mineral density (BMD) in a community health examination in 1990. The same group was invited to participate in the program and spinal BMD was measured again in 2000. Each subject was given a detailed medical questionnaire to determine her eligibility for participation in this study. All were volunteers and gave informed consent prior to the study. Subjects who were under medical treatment for conditions known to aect bone metabolism such as hyperthyroidism, renal disease, diabetes mellitus, or received treatments with calcium, vitamin D, calcitonin, hormone replacement therapy, and oophorectomy were excluded from the study. During the follow-up period, 8 subjects had moved, 3 had died, and 2 were not available for follow-up. In addition, 2 subjects who suffered from diabetes mellitus and 1 who had had an oophorectomy were excluded from the study, leaving a total of 172 healthy Japanese women who were recruited and measured for spinal BMD both in 1990 and 2000. The follow-up rate was 91.5%. The age of these subjects at entry was between 31 and 69 years (mean age 53.16.7 years), the average height and weight were 153.14.7 cm and 51.16.6 kg, respectively, and the number of pre-, peri-, and postmenopausal women were 44, 34, and 94, respectively in the ®rst-time measurement. According to the criterion of the Association of Bone Metabolism of Japan the subjects were also classi®ed into three groups by body mass index (BMI=weight (kg)/height 2 (cm)1 0,000) in year 2000 for analysis: slim group (BMI 19.8%); normal group (19.8% < BMI 24.2%); obese group (BMI > 24.2%).
Methods of Measurement
The antero-posterior spinal BMD (L 2-4 ) was measured in all subjects by dual-energy X-ray absorptiometry (DXA) (Lunar Co, USA). The long-term precision of DXA was 0.7%, expressed as coecients of variation (CV=SD/mean of repeat measurements´100%). CV% was calculated by performing six repeat measurements in ®ve individuals over a period of 6 months. In order to prevent measurement error, the same densitometer was used and those individuals responsible for positioning participates in all measurement time points. The height, weight, and BMI were also measured in both l990 and 2000. The rate of change in spinal BMD was calculated by dividing the amount of change during two measurements by the initial values and multiplying by 100.
Statistical Analysis
The statistical software of StatView 5.0 (SAS Institute INC., Gary, NC, USA) was used to analyze the data. Paired and unpaired Student's tests were used for comparison between the two groups. One way analysis of variance (ANOVA) was used for comparison among the three groups. Adjustment for multiple comparisons were performed using the Schee F-test.
Stepwise multiple regression analysis was used to assess the contribution of variables. Statistical signi®cance level was set to 5%. Table 1 shows the characteristics of study subjects at two time points of measurement. At the baseline there was no signi®cant dierence in height, weight, and BMI among the pre-, peri-, and postmenopausal women. BMD value in L 2-4 was signi®cantly lower in the postmenopausal women than in the pre-or perimenopausal women (P < 0.0001). On follow-up, BMD value in L 2-4 and height were also signi®cantly lower in the postmenopausal than in the pre menopausal women (P < 0.0001, P < 0.05, respectively). Figure 1 shows the rate of change in spinal BMD between the two time points of measurement. Between the ®rst and second measurements among the ®ve groups, a paired t-test revealed a signi®cant decrease of spinal BMD during the study period in each postmenopausal group (P < 0.0001), whereas no signi®cant change in BMD was found in the premenopausal group (P > 0.05).
Results
The annual rate of change in spinal BMD during the study period in Groups I±V were )0.14, )1.59, )1.43, )0.89, and )0.33% per year, respectively. The annual rate of change in spinal BMD was signi®cantly greater in the early postmenopausal women (Group II) than in the other groups, and was signi®cantly dierent compared with the premenopausal women (Group II vs Group I , P >0.0001). The annual rate of change in spinal BMD slowed down with the prolongation of the YSM, and ®nally, no signi®cant dierence was detected compared with the premenopausal women when the YSM was over 16 years (Group V vs Group I, P > 0.05).
There was a signi®cant association between the annual rate of change in spinal BMD and YSM in the postmenopausal women (P < 0.0001, Fig. 2) . In post- menopausal women, the annual rate of decrease in spinal BMD for obese women was signi®cantly lower than for slim women (P < 0.01) (Fig. 3) . In postmenopausal women, linear regression analysis revealed the signi®cant association between age and the annual rate of change in BMD (equation: )0.489 + 0.604 Â age; P < 0.0001), whereas this association was not found in premenopausal women (equation: )0.811+0.014´age; P > 0.05).
A stepwise regression analysis among variables contributing to the annual rate of change in spinal BMD in postmenopausal women revealed that YSM and age were the most in¯uential factors (equation: )3.720+0.038´YSM+0.037´age; P < 0.01). The other excluded variables included weight, height, and BMI.
Discussion
Up to now a longitudinal study that followed up for as long as 10 years on age-and menopause-related changes in spinal BMD in healthy Japanese women has not been reported. It is known that women's menopausal status and age are important factors aecting bone loss. In this study we found that the spinal BMD was signi®cantly lower in the postmenopausal than in premenopausal women. Although the spinal BMD was observed to be lower in the perimenopausal women than in the premenopausal women, the dierence did not reach a statistical signi®cance. This is evidence that bone loss in the premenopausal women is minimal and may be caused mainly by increased physiological age, while accelerated bone loss in the postmenopausal women is due to a rapid decline in estrogen levels. Recently, several studies have reported that spinal BMD begins to decrease before menopause and the loss is rapid when entering into the postmenopausal stage [6±10]. These studies are compatible with our study results demonstrating that the bone loss is rapid during the early postmenopausal stage.
A cross-sectional study of Japanese women revealed that spinal bone mass reaches its peak value at 20 years of age and is maintained until 40 years of age when it begins to decrease slightly with aging [22] . Iki et al. [23] reported that the menopause factor was a more predominant factor than aging; our present study results support this view. We found that the most rapid spinal bone loss was in the early postmenopausal period. The annual rate of decrease in spinal BMD slowed down with time elapsed since menopause, and ®nally, the annual rate of bone loss showed no signi®cant dierence between the late postmenopausal and the premenopausal women when the YSM was over 16 years. These results were compatible with other reports [6, 11±16] . The increase in osteophyte formation and soft tissue calci®cation with aging may partially explain the reason why bone loss seemed slower in the late postmenopausal period. Serial spinal BMD measurements should therefore be performed in pre-or perimenopausal women in order to detect these at risk for osteoporosis and provide preventive measures.
In this study we also found that the annual rate of decrease in spinal BMD correlated with the age of postmenopausal women, whereas this association was not found in premenopausal women. This may be due to the fact that spinal bone loss is not signi®cant in premenopausal women. Tsunenari et al. [20] reported in a 2-year longitudinal study on 64 normal Japanese women that the annual rate of decrease in spinal BMD was associated with age in premenopausal but not in postmenopausal women. This con¯icts with our study. We think their results may be due to a short follow-up time and limited number of subjects. At present, bone loss in premenopausal women is controversial. There were some reports that showed signi®cant bone loss in premenopausal women [8, 24, 25] , whereas, other reports revealed no signi®cant bone loss in premenopausal women [10, 14] . Our study results support the latter.
Some cross-sectional studies had reported that weight is associated with bone mass and obesity can partially prevent the occurrence of osteoporosis [26±32] . In this study of postmenopausal women, we found the average annual rate of decrease in spinal BMD was lower in obese than in slim postmenopausal women, but this relationship was not found in premenopausal women. This suggests that the level of conversion of circulating adrenal steroid to estrogen by adipose tissue is higher in obese postmenopausal women than in slim women. It is also possible that the in¯uence of mechanical loading on BMD is not relevant in the premenopausal period and the eect of estrogen on maintaining bone mass may be more important. In the postmenopausal period, as the eect of estrogen on the skeleton subsides, the in¯uence of mechanical loading on weight-bearing sites appears to become important [11, 26, 33] .
The stepwise regression analysis among variables contributing to the annual rate of change in spinal BMD in postmenopausal women revealed that the YSM and age were the most in¯uential factors. As for which was more important in the postmenopausal period, we infer that the YSM was more predominant than age in the early stages of menopause, but in later stages, physiological age became more predominant than the YSM. Further study is needed.
This study is limited. The rates of change in spinal BMD may be confounded by the amount of calci®cation occurring in the intervertebral column of the spine which leads to an underestimation of the rates of change. We excluded those individuals with de®nite osteoarthritis from entry into this study. However, we may have underestimated the rates of bone loss in the elderly due to mild hypertrophic changes and vascular calci®cation. Recently there have been a number of papers suggesting that the underestimation can be reduced by the measurement of femoral neck BMD. Unfortunately, BMD from the femoral neck was not determined in the ®rst measurement, so it remains to be further studied.
In conclusion, spinal BMD in healthy Japanese women begins to decrease slowly in the premenopausal period and reaches an accelerated bone loss after menopause, especially in the early stages of menopause. Among various factors contributing to the spinal bone loss, YSM and physiological age are the main in¯uential factors.
